Background and objectives Although patients undergoing maintenance hemodialysis have exceptionally high hospitalization rates, the risk factors for hospitalizations are unclear. This study sought to examine hospitalization rates among hemodialysis patients in the United States according to both race/ethnicity and age.
Introduction
Hospitalization is frequent and costly among patients undergoing maintenance dialysis. Across the United States, approximately 400,000 patients with ESRD receive maintenance dialysis each year and spend an average of approximately 15 days in hospitals (1) . In 2010, inpatient services accounted for 38% of the total $32.9 billion Medicare ESRD dollars, in addition to non-Medicare spending (1) . Yet, our understanding of dialysis patient subgroups at highest risk remains incomplete.
Racial and ethnic differences in outcomes, such as nutritional and inflammatory measures (2) , quality of life (3) , and mortality (4, 5) , among hemodialysis patients are well known. There are also racial and ethnic differences in the processes of care, including dialysis dose (6, 7) , anemia treatment (8, 9) , hemodialysis vascular access (10) (11) (12) (13) , and pre-ESRD clinical care (12, 14) . Prior studies examining hospitalization in dialysis patients usually used race, among others, as an explanatory factor or control variable (15) (16) (17) (18) (19) (20) (21) . To our knowledge, no studies have assessed the association of hospitalizations with race/ethnicity and age at a national level.
We recently reported that all-cause mortality in patients undergoing maintenance hemodialysis is lowest in Hispanics, intermediate in non-Hispanic blacks, and highest in non-Hispanic whites, except for those #30 years (22) . One may postulate a similar pattern for hospitalization because mortality and hospitalization share many risk factors. However, because racial and ethnic minorities have generally received lower quality of care, they may require hospitalizations more frequently. More detailed investigations of the differences in hospitalizations among racial/ethnic groups may help to inform clinical practices and generate new hypotheses to facilitate future intervention studies to reduce hospitalizations for this high-risk subpopulation.
We therefore undertook a national population study to examine all-cause hospitalizations among patients receiving long-term hemodialysis, including hospital days and admission rates, and whether race/ethnicity and age modify these rates. Our second objective was to examine these rates for three common cause-specific hospitalizations: cardiovascular diseases, all-cause infections, and dialysisrelated infection.
Materials and Methods

Data Sources and Study Population
The Institutional Review Board at University of Virginia approved this study. Using the US Renal Data System (23), we identified all adult patients ($18 years) who were beginning maintenance dialysis for the first time in the United States between April 1, 1995, and June 30, 2009, and had no prior kidney transplantation. We included patients who survived the first 90 days since ESRD onset and received in-center hemodialysis at day 91 for $60 days. Of 942,184 patients identified, we excluded 17,580 (1.9%) patients who switched to peritoneal dialysis within 1 year after 90 days of ESRD so that we would obtain a more homogeneous study population; we excluded 50,727 patients (5.4%) because of missing covariates. To ensure the completeness of hospitalization data, only patients who had Medicare as the primary payer throughout the 1-year period after the 90 days (65.5%) were included. The final cohort included 563,281 patients (55.4% white, 32.7% black, and 11.9% Hispanic).
Outcomes, Follow-Up, and Covariates
The primary outcomes were total hospital days and admissions per year for all-cause and cause-specific hospitalizations, including cardiovascular diseases, all-cause infection, and dialysis-related infection. First all-cause hospitalization and the composite outcome of first all-cause hospitalization or death were examined in sensitivity analyses.
The follow-up period was 1 year from day 91 of ESRD, 3 days before kidney transplant (to avoid counting a kidney transplantation hospitalization [23] ), loss to follow-up, or death or December 31, 2009, whichever came first. Overlapping or consecutive hospitalizations that occurred within 1 day were combined into a single hospitalization. A hospitalization that occurred before day 91 of ESRD was not counted as an admission in the present analysis, but any hospitalization day within the study period was counted in the total hospital days for that patient. The time-at-risk for total hospital days included all days within the study period, while the time-at-risk for hospital admissions excluded hospital days. If a hospitalization began before day 91 of ESRD and the discharge occurred within the study period, the time-at-risk for the first event began on the day of discharge.
The classification of cause-specific hospitalizations was based on the principal diagnostic codes of the International Classification of Diseases, Ninth Revision, Clinical Modification (see Supplemental Material) (1) .
Race and ethnicity were reported in the 
Statistical Analyses
We calculated unadjusted rates by dividing the total number of events (hospital days or admissions) by total patient-years at risk for each racial/ethnic subgroup. We examined the unadjusted and adjusted differences among racial/ethnic subgroups for the entire cohort and then for each of seven age groups at ESRD onset (18-30, 31-40, 41-50, 51-60, 61-70, 71-80, .80 years). For primary outcomes (hospital days and admission), overdispersed Poisson regression was used to account for multiple hospitalizations per patient. We report rate ratios (RRs) for blacks or Hispanics versus whites. The adjusted analyses included the covariates described above. Statistical interactions between racial/ethnic groups and age groups were tested for all primary outcomes.
We performed several sensitivity analyses, including additional adjustment for the two pre-ESRD care indicators, and used Cox regression to examine the composite outcome of the first all-cause hospitalization or death and the first all-cause hospitalization. We also examined the results additionally adjusted for census regions (Northeast, Midwest, South, and West). We performed additional analyses using the study sample that included patients with Medicare as their primary payer at day 91 of ESRD (i.e., using intent-to-treat principle) and patients who subsequently switched to peritoneal dialysis with time censored at the switch. All analyses were performed using SAS statistical package (SAS Institute Inc., Cary, NC). Table 1 presents the patient characteristics of these three racial/ethnic groups by three broad age groups at ESRD onset (18-40, 41-70, and .70 years). Some important differences within and across the age groups are noted. For example, blacks and Hispanics in the age group of 18-40 years had a lower prevalence of diabetes, cardiovascular diseases, and immobility than their white counterparts. In the group aged.70 years, conversely, they had a higher prevalence of diabetes and immobility than whites. In all age groups, blacks and Hispanics were less likely than whites to have received erythropoietin-stimulating agents and pre-ESRD nephrologist care and to have used arteriovenous fistula (AVF) for their first dialysis. The adjusted admission rates were 11% lower in Hispanics (aRR, 0.89; 95% CI, 0.88 to 0.90; P,0.001) and 5% lower in blacks (aRR, 0.95; 95% CI, 0.94 to 0.96; P,0.001) than in whites.
Results
Patient Characteristics
The differences in rates of hospital days and admissions among the races/ethnicities, however, varied depending on age (both P for interaction,0.001). The pattern of lowest rates in Hispanics, intermediate in blacks, and highest in whites was evident only in the middle two age groups (51-60 and 61-70 years), whereas among younger (#40 years) or older (.70-80 years) patients, blacks had higher rates than whites ( Figure 1A , Table 2 ). Thus, the adjusted black-to-white RRs for the hospital days exhibited a Ushaped pattern with age, and their RRs were 1.29, 1.20, 1.02, 0.91, 0.97, 1.08, and 1.22 from younger to older groups. This U-shaped pattern was less prominent in hospital admissions ( Figure 1A , Table 2 ). Hispanics exhibited the lowest rates of both hospital days and admissions for all age groups#70 years (aRRs ranging from 0.84 to 0.94 versus whites), whereas in the oldest age group (.80 years), their rates exceeded those in whites (aRRs ranging from 1.08 to 1.16). These patterns by race/ethnicity and age were consistent over the study time periods, with the exception that in the 18-to 30-year age group the higher black-to-white RR for hospital days during 1995-1998 (1.61) was smaller in recent years (1.27 during 2007-2009).
Cause-Specific Hospitalizations
Cardiovascular diseases and all-cause infections combined accounted for the majority of all hospital days (26.7% and 30.1%, respectively) and hospital admissions (29.4% and 23.7%). Approximately one third of all-cause infectious hospitalizations, in turn, were attributable to dialysis-related infection. While rates of hospitalization due to cardiovascular diseases increased with older age, rates due to the dialysis-related infection somewhat decreased with age (Supplemental Figure 1) .
The pattern of racial/ethnic differences in cardiovascular hospitalization across age groups was similar to that of allcause hospitalizations ( Figure 1, A and B) . Blacks#40 years of age had markedly higher rates (40%-50% greater) (Figure 1C, Supplemental Table 3 ) of all-cause infectious hospitalization than their white counterparts. Blacks and Hispanics had higher rates of hospitalization due to dialysisrelated infection than whites, which was consistent in all age groups for blacks (aRRs for hospital days ranged from 1.09 to 1.36) and all age groups.60 years for Hispanics (aRRs ranged from 1.20 to 1.38), compared with whites ( Figure 1D , Supplemental Table 3 ).
Sensitivity Analyses
Our sensitivity analyses for the first all-cause hospitalization and the composite of the first all-cause hospitalization or death show that the patterns across age groups were mostly consistent with those of all-cause admissions ( Figure 1A ), except for the oldest age group (.80 years), in which the rates in Hispanics were slightly lower (hazard ratio, 0.97), rather than higher, than in whites. Additional adjustment for pre-ESRD nephrologist care and vascular access type for the subset of patients since 2005 did not alter the main findings. However, the RRs in the younger and older age groups attenuated after this additional adjustment (e.g., black-to-white RR for infectious hospital days in ages 18-30 years, 
Discussion
Mortality and hospitalization are unacceptably high among patients with ESRD undergoing long-term dialysis (1). We recently reported that dialysis mortality is lowest in Hispanics, intermediate in blacks, and highest in whites across all age groups except for the youngest age group (18-30 years) , in which mortality rates in blacks exceed those in whites (22) . However, little is known about possible differences of hospitalization among racial/ethnic groups and by age group. In this national study of 563,281 hemodialysis patients, we found that overall, racial/ethnic minorities had lower rates of all-cause hospitalization than whites, which was consistent with their overall lower mortality rates reported in prior studies (22, 24) . However, we unexpectedly found that the relative risks for hospitalization in the racial minorities compared with whites were much smaller than their respective mortality differences. Specifically, the relative risks for all-cause hospital admissions for blacks and Hispanics, compared with whites, were 0.95 and 0.89, respectively, whereas their relative risks of mortality were 0.77 and 0.70 in the similar population in our prior study (22) . This might have been due to the effect of more equity in insurance coverage by day 91 for patients receiving dialysis, thus reducing disparities in access to care. In addition, in contrast to the mortality difference that was consistent across age groups except for the youngest group, racial and ethnic differences in hospitalization rates in the present study varied substantially by age group. The overall pattern of the lowest all-cause hospitalization rate in All P values ,0.001 unless otherwise specified. RR, rate ratio; 95% CI, 95% confidence interval.
a 2914 patients who stayed in hospitals throughout the study period were excluded.
b Adjusted for age, sex, body mass index, eGFR, employment, health insurance, cause of ESRD (diabetes, hypertension, glomerulonephritis, other, unknown), the presence of comorbid conditions (hypertension, diabetes, cardiac failure, atherosclerotic heart disease, cerebrovascular disease, peripheral vascular disease, other cardiac diseases, chronic obstructive pulmonary disease, cancer), lifestyle behaviors (smoking, alcohol use, drug dependence), immobility, and pre-ESRD use of erythropoiesis-stimulating agents.
c Nonsignificant at the two-sided significance level of 0.05
Hispanics, intermediate in blacks, and highest in whites was evident only in the middle age groups (51-60 and 61-70 years) and did not apply to either extreme of age.
The black-to-white RRs exhibited a U-shaped relationship with age, with greater, rather than lower, rates for blacks than whites in the younger and older ends of age ( Figure  1A) . Rates of cause-specific hospitalization also varied across age groups. For example, blacks#40 years of age had 40%-50% higher hospitalization rates due to infections compared with their white counterparts ( Figure 1C ). The higher hospitalization risk for younger blacks was consistent with prior findings of higher mortality risk among younger blacks (22, 24, 25) . This consistency would not be unexpected because mortality and hospitalization generally share common risk factors, including their general lower socioeconomic status, lower likelihood of being All P values for the interaction between race/ethnicity and age were ,0.001, except for P=0.05 for the hospital days due to dialysis-related infection.
insured and employed, limited social support networks, and lack of trust in medical systems that may influence health behaviors and reduce effective access to medical care, despite receiving Medicare coverage at day 91 of dialysis (26, 27) . On a positive note, the black-to-white RR for hospital days among younger patients during 2007-2009 (1.27) was much lower than during 1995-1998 (1.61), and might reflect improvements in utilization or quality of care over time, possibly due to the ESRD continuous performance metrics (28) .
However, the greater risk of hospitalization for blacks in the older age groups in the present study was in contrast to our prior study showing the lower mortality risk in older blacks than their white counterparts (22) . It is possible that the higher rates of hospitalization accompanied by lower mortality in this older age could be related to the competing risk of death, as lower mortality for blacks increases the likelihood of observing hospitalization before death in the older black population. We also noticed that black patients.80 years had 22% longer hospital days than whites but had only 8% greater admission rates (Table 2) . So, another possibility was that older blacks stayed in hospitals longer and received more care than whites, which could explain their lower risk of death. Further research is needed to elucidate the biologic and system-level factors in diverse elderly populations that may influence hospitalizations, mortality, and other clinical outcomes.
Previously, we found that Hispanics have the lowest mortality among these three racial/ethnic groups in all age groups (22) . In the present study, Hispanics#70 years of age had the lowest rate of all-cause and cardiovascular hospitalizations. However, those .80 years had higher risk of all-cause and cardiovascular hospitalization than their white counterparts ( Figure 1, A and B) . In addition, their rate of hospitalization due to dialysis-related infection was higher than that in whites for all ages.60 years, possibly because of a lower likelihood of AVF placement ( Figure 1D ) (29) .
Similar to previous studies (30) , this study has confirmed the higher risk of hospitalization due to dialysis-related infection among racial and ethnic minorities. Additionally, the risk of hospitalization for dialysis-related infection appeared to be independent of age (Supplemental Figure 1) , indicating that the contributing factors might be less related to age but more related to processes of care. We also found a consistent attenuation of the RRs in younger and older ages after additional adjustments for pre-ESRD nephrologist care and AVF access. This result reinforces the need to increase pre-ESRD care for racial minorities, which had lower proportions of receiving such care than whites in the present patient population (Table 1) ; this may lead to reduced rates of hospitalization due to dialysis-related infection, as suggested in the literature (31, 32) .
There are limitations to our current findings. First, we did not include non-Medicare patients or patients with Medicare as secondary payer because their hospitalizations might not be complete in the US Renal Data System Medicare claims database. The characteristics of patients included with those excluded were mostly similar, but had relatively higher prevalence of comorbid conditions, which might be due to larger numbers of older patients in the current Medicare cohort. Second, our models did not adjust for detailed clinical assessment and laboratory data, which is common in observational studies relying on administrative datasets. However, the national data with more than a half-million patients provides confidence in the reported differences in hospitalization by race/ethnicity and age. Third, the classification of cause-specific hospitalizations was based on the principal diagnosis of the International Classification of Diseases, Ninth Revision, Clinical Modification code only, which might not have captured all hospitalizations of that type. However, the inconsistency across racial/ethnic groups and ages would be highly unlikely. Finally, both admission rates and hospital days may change over time; thus, our results for the first year of dialysis may not be representative of the entire course of ESRD.
In summary, the present study appears to be the first to document the important differences in hospitalization rates among racial and ethnic groups, which vary across age groups in a national cohort. While overall rate of all-cause hospitalization was greatest among whites, age-specific subgroups at greater risk of hospitalization, irrespective of the cause, were noted, including black patients in their younger and older ages, and Hispanic patients in their older age. Furthermore, both blacks and Hispanics are at greater risk of hospitalization for dialysis-related infection than whites. Further studies are needed to explore in more detail issues such as health beliefs and behaviors, social networks and other subtleties that may add critical insights to these observations, as well as the assessment of biomarkers associated with resiliency such as telomeres/ telomerase activity and those of inflammation and oxidative stress. This could lead to novel interventions to reduce hospitalizations and costs in the dialysis population.
